Background. Children with chronic kidney disease (CKD) require strict dietary and lifestyle modifications, however, there is little information on their quality of life. Our objective was to compare healthrelated quality of life (HRQOL) in children with different stages of CKD to each other and to a control population. Methods. A cross-sectional assessment of HRQOL for physical, emotional, social and school domains was performed using the PedsQL TM Generic Core Scale. Data were collected from 20 children with chronic renal insufficiency (CRI; creatinine >200 mmol/l), 12 on maintenance haemodialysis or peritoneal dialysis (DIAL) and 27 with renal transplants (TX). Caregiver proxy reports were obtained for CRI (n ¼ 20), DIAL (n ¼ 17) and TX (n ¼ 21). Between-group differences were assessed with ANOVA for the CKD groups; t-tests compared our CKD samples with controls. Results. Children with CKD scored lower than the controls in all subscales, however, only TX compared with controls was significant (P<0.02). DIAL children scored equal to or higher than the TX group in all domains. Analysis of covariance with number of medications as covariate yielded a significant result for the physical subscale (F ¼ 8.95, df ¼ 3, 53, P ¼ 0.004). Proxy caregiver scores were lower than patient scores in all four domains. Conclusions. Children with CKD rate their HRQOL lower than the healthy controls do. It may be reassuring to caregivers that children on dialysis rate their HRQOL higher than would be expected. However, it is of some concern that caregiver perception of improved HRQOL following transplantation was not shared by their children in the present study.
Introduction
Children with chronic renal disease require strict dietary and lifestyle modifications, and frequent monitoring by a medical team [1] . Their associated cardiovascular [2] and physical complications [3] , neuro-developmental disorders [4] and psychosocial problems [5] may all affect quality of life.
Nonetheless, few studies have measured healthrelated quality of life (HRQOL) in paediatric nephrology patients [4, [6] [7] [8] ; and in particular, performed in-group comparisons amongst patients on different treatment modalities [9, 10] . In the current study, the HRQOL in patients with chronic renal disease aged 2-18 was compared across the modalities of chronic renal insufficiency (CRI), end-stage renal disease (ESRD) requiring maintenance dialysis (DIAL), and patients with a renal transplant (TX). It was hypothesized that children on haemodialysis (HD) and peritoneal dialysis (PD) would have lower HRQOL scores than children with CRI or renal transplant recipients. We also predicted that parents of children receiving dialysis would rate their child's HRQOL lower than the parents of children with CRI or renal transplant recipients.
Methods

Samples
Children aged 2-18 years were recruited from nephrology clinics at the Hospital for Sick Children, Toronto, Canada. The study was approved by the Research Ethics Board. Written informed consent was obtained from either a parent/ legal guardian or patients over 16 years of age, and verbal assent from patients under 16 years of age, where appropriate.
Patients were eligible if they had CRI, defined as plasma creatinine >20 mmol/l, ESRD requiring maintenance dialysis, or had received a renal transplant. Patients were excluded if they had: (i) been hospitalized within the last 14 days, or had been hospitalized for a non-renal comorbidity within the past 30 days; (ii) received a renal transplant within the past 3 months; (iii) initiated or changed dialysis modalities within the past 30 days; or (iv) had experienced a significant life event unrelated to their kidney disease in the past 30 days, such as the death of a family member.
Measurement of HRQOL
This cross-sectional evaluation of HRQOL was performed using the Paediatric Inventory of Quality of Life (PedsQL TM Version 4.0) Core Scales. The PedsQL TM was designed to measure HRQOL in children and adolescents, and has been validated in children with a variety of chronic illnesses including asthma, cancer and diabetes mellitus [11] [12] [13] . The 23-question survey asks respondents, both in a child selfreport and caregiver proxy-report, to score patient functioning in four domains: physical (8 questions), emotional (5 questions), social (5 questions) and school (5 questions). The PedsQL TM is available in four versions: toddler (2-4) by caregiver proxy-report only, young child (5-7 years), older child (8-12 years) and teen (13-18 years) . If the patient was identified as being developmentally delayed, the PedsQL TM was administered according to their developmental age as determined by the responsible physician's assessment.
Surveys were administered once at an age-appropriate level to each patient. If a patient or parent was unable to read the PedsQL TM due to a language barrier, a certified interpreter was used. All self-report forms for young children (5-7 years) and those of older patients with visual impairments were administered verbally by the same investigator (A.M.M.). Surveys generated a score for each subscale between 0 and 100, with higher scores representing superior HRQOL.
Patient data
A medical chart review was performed to obtain the following information: primary diagnosis, date of diagnosis, duration of illness, transplant or dialysis duration, number of hospitalizations and clinic visits in the last 6 months, number of medications, serum creatinine value and presence or absence of significant non-renal comorbidities. For school-aged children, patient or parent interviews were conducted to determine the child's schooling level, school days missed in the previous 6 months and whether the child required special education (supplementary tutoring or an individualized education programme).
Statistical analyses
Between-group differences. The means from a sample of healthy children reported by Varni et al. [14] were compared with the three sample groups in the current study using Student's t-test. This control sample has been used to compare HRQOL in patients with several other chronic illnesses [11] [12] [13] .
Mean HRQOL scores for the physical, emotional, social and school subscales were calculated for each of the three sample groups: CRI, dialysis and transplant. Between-group differences on each of the four subscales were compared using analysis of variance (ANOVA). The ANOVA was also used to compare each subscale between children and their caregivers. For all analyses, a Bonferroni correction for multiple comparisons was applied.
Student's t-tests were performed to compare mean PedsQL TM domain scores between the following groups: children with chronic kidney disease (CKD) and significant non-renal comorbidities vs those without non-renal comorbidities; mothers compared with fathers; children on PD vs HD; and children with and without urological diagnoses.
Evaluation of clinical parameters. Analysis of covariance (ANCOVA) was performed on the following variables to evaluate their effect on HRQOL: age at the time of questionnaire, age at the diagnosis of CKD, number of medications, number of outpatient clinic visits in the past 6 months, duration of current modality and plasma creatinine (CRI and transplant children only).
Inter-rater reliability. Inter-rater reliability between parent and child was assessed with the intraclass correlation coefficient (ICC) [15] . The ICC is used to determine the agreement between two different raters of the same scale, where values >0.9 would be considered excellent and a value of 0 would signify complete disagreement between raters.
Results
A total of 64 patients with CKD and/or their primary caregivers were recruited from June to August 2005. Of these patients, 17 were on dialysis, 20 had CRI and 27 had received a renal transplant. Self-report data were collected for 12 children on maintenance dialysis (four were too young to complete the questionnaire and one was unable due to developmental delay), 20 children with CRI and 26 children who received a renal transplant (one patient was too young). Proxy data were collected for 17 caregivers of children on dialysis, 20 caregivers of children with CRI and 21 caregivers of transplanted patients (six children were not accompanied by a caregiver to their clinic appointment). Demographic and clinical information obtained by patient interview and medical chart review are presented in Table 1 . Reasons for admission in transplant patients were usually unrelated to transplant rejection; of the 10 patients hospitalized in the past 6 months, only three had a kidney biopsy for suspicion of rejection. Patients with significant nonrenal comorbidities are listed in Table 2 .
Between-group differences
Child self-report scores, compared with those of Varni's healthy paediatric sample by Student's t-test, are presented in Table 3 . All the patients in the present study, particularly the transplant patients, scored lower than the Varni controls.
Mean scores in each PedsQL TM subscale are shown by treatment modality for child self-report and parent proxy-report in Tables 3 and 4 between-group difference for the patients was an inferior emotional score for renal transplant patients compared with those on maintenance dialysis. However, this difference was not significant when a Bonferroni correction was applied. Also, though not statistically significant, it is noteworthy that transplant patients scored lower than both CRI and dialysis patients in all domains except the social subscale. There were no between-group differences in HRQOL scores for the following: mothers (n ¼ 42) compared with fathers (n ¼ 14, P>0.32), PD (n ¼ 4) vs HD (n ¼ 8, P>0.03) or children with (n ¼ 12) and without (n ¼ 46) a urological diagnosis, whether or not they required intermittent catheterization (n ¼ 10;
P>0.18).
It is noteworthy that the social subscore difference between the PD and HD children (t ¼ À2.75, df ¼ 10, P ¼ 0.03) did not withstand Bonferroni correction. Caregivers scored their children lower in almost all categories than the child self-reports, as illustrated in Figure 1 . Also, in contrast to the child self-reports, caregivers assigned the lowest scores to children on dialysis. These differences between patients and caregiver proxy-reports were not significant when analysed by ANOVA.
Evaluation of clinical parameters
The ANCOVA for the following clinical variables-age at the time of questionnaire, age at the diagnosis of CKD, number of medications, number of outpatient clinic visits in the past 6 months, plasma creatinine and duration of current modality-revealed only one difference. The only significant finding was for the number of medications, which when included in the model resulted in a significant between-group difference for the physical subscale score (F ¼ 8.95, df ¼ 3, 53, P ¼ 0.004). Further investigation revealed a significant negative correlation between number of medications a patient was on and their physical subscale score (R ¼ À0.38, P<0.0001).
There were 12 children identified as having a significant non-renal comorbidity (see Table 2 ), however, only 10 of them were able to fill out a report (two children were too young and only the proxy questionnaire was completed). A significant difference was observed for the social subscale between Comparison were assessed using Student's t-test as creatinine is an estimation of kidney function for CRI and TX patients only; for DIAL patients, creatinine is a measure of dialysis adequacy. Health-related quality of life in children with CKD 1901 children with (mean±SD ¼ 62.0±29.0) and without (mean±SD ¼ 81.1±17.6) non-renal comorbidities (P ¼ 0.008). This finding remained significant even when a Bonferroni adjustment for multiple comparisons was applied. No between-group differences were observed for the physical, emotional or school subscale scores (P>0.39).
Inter-rater reliability
The ICC coefficient between parent and child reports was calculated to be 0.63, which indicates a modest agreement on PedsQL TM scores between children and their parents.
Discussion
This study demonstrates that HRQOL assessed by the PedsQL TM is lower in patients with CKD than healthy children. All three groups of patients with CKD reported HRQOL scores in both self-and proxyreports that were lower compared with the sample of healthy children generated by Varni et al. [14] . We had hypothesized that patients with ESRD requiring maintenance dialysis would score lowest among the sample groups in the present study. However, despite their increased hospitalization time and number of medications (Table 1) , the dialysis patients had higher scores in emotional and school sub-scales than the transplanted children, although the differences did not achieve statistical significance. We did observe a significant effect of medications on the physical subscore, as the more medications a child was on, the lower the score. This finding possibly reflects that children on many medications are experiencing a greater severity of illness and/or more illness-related complications, as only the physical score was affected. If being on many medications were deemed to be inconvenient or a constant reminder of a child's chronic condition, one would expect the emotional score to be affected by this variable as well. It was also noteworthy that parents rate their child's quality of life lower than the patient themselves, and this was particularly so for the parents of children on dialysis. The proxy-reports therefore supported our hypothesis that children on dialysis have the poorest HRQOL. It should be reassuring for parents and caregivers that their perceptions of a patient's HRQOL may underestimate the patient's own perceptions.
The current study and the study by Reynolds et al. [16] are the only two reports of HRQOL in young children as well as adolescents with CRI, dialysis and transplant recipients from a single centre. In the present study, we used the PedsQL TM measure because of its validity across a wide spectrum of chronic childhood diseases, its ease of performance and its ability to evaluate HRQOL in young children as well as adolescents. Direct comparison with other studies is difficult, because most used different assessment measures. Nonetheless, our findings are consistent with Eijsermans et al. [6] who reported no difference in HRQOL between children on dialysis and those who have received a renal transplant, and Qvist et al. [8] who reported that transplant recipients had lower scores than controls for attention and overall HRQOL. However, results from the current study are not consistent with three other studies that compared HRQOL in children with CKD. Manificat et al. [7] reported no difference on transplanted children's HRQOL compared with healthy controls. In their multicentre study, Gerson et al. [9] reported that 21 adolescent patients (aged 10-18 years) on dialysis demonstrated poorer activity levels, home safety and increased physical discomfort compared with CRI, transplant recipients and healthy controls. Also, Reynolds et al. [10] reported that children and adolescents on haemodialysis were less likely to have a special friend and had a lower self-esteem than CRI, transplant and controls and that children with CRI and on dialysis had higher depression scores than transplant or control children [10] . Small sample sizes and variable measures of HRQOL may contribute to the divergence of data in this population.
The results of our analyses illustrated some surprising trends. Emotional functioning saw the most diversification by treatment group in self-report scores and, unexpectedly, the emotional scores of dialysis patients were similar to those of the Varni et al. [14] controls. We also found that the rates of non-renal comorbidities were lower in the dialysis group than in the transplant or CRI groups. Although this difference was not significant, it is possible that this could have contributed to lower overall scores in the transplant group. Though fears about kidney rejection could play a role in lower HRQOL scores for transplant patients, only 3/27 children in the transplant group had been hospitalized for suspected rejection in the previous 6 months. The elevated perception of emotional state in dialysis patients when compared with others with chronic renal disease has also been reported by Luque-Coqui et al. [17] who compared self-esteem in paediatric peritoneal dialysis patients vs renal transplant recipients. An explanation for this unexpected result might be found in the 'response shift', a theory generated to explain why paediatric oncology patients report increasing positive feelings over a stable or even deteriorating clinical course [18] . The response shift suggests that patients' internal standards change Health-related quality of life in children with CKD 1903 as they adapt to their diagnosis and medical surroundings, yielding higher self-reported HRQOL as living with illness becomes routine. As the current study is a cross-sectional examination of quality of life with a small sample, concrete inferences regarding response shift in paediatric dialysis patients cannot be made; however, the subject warrants future prospective investigation.
Inter-rater reliability between caregivers and patients, assessed by the ICC, yielded a modest correlation of 0.63 [15] . Children rated their HRQOL higher than their caregivers perceived it to be. A lack of concordance between children and caregivers has been reported in healthy [19] and chronically ill [20] children. As parent and child data may reflect individual standards, even when evaluating the same subject, this discrepancy is not surprising. In evaluating proxy-reports of HRQOL in healthy children, Achenbach et al. [19] found a significant correlation between ratings of mothers and fathers and in the present study we reported no significant difference between the scores of mothers compared with fathers. Holmbeck and colleagues [21] suggest that a child's perceptions of health status might mirror their parent's only when they mature cognitively to the level of their parent. A review of parental proxy-report in a child's HRQOL suggests that inter-rater agreement on observable factors such as physical functioning may be more consistent than experienced factors such as emotional and social functioning, though the authors recommended that all measures of paediatric quality of life should include both self-and proxyreports [22] .
A limitation of the current study is the small sample size. To increase the power of our analyses, PD and HD patients were grouped together (n ¼ 17), although adult studies have suggested that adults on home HD and PD have higher HRQOL than in-centre HD patients [23] . In the current study, no significant differences were observed for children on HD compared with PD. Significant differences between our treatment groups might have been detected if a disease-specific measure of HRQOL had been used, as disease-specific measures are more responsive to clinical changes than generic measures [24] . However, we are not aware of any validated HRQOL measure for children with CKD.
The use of generic forms for measurement of HRQOL is recommended for comparison of patients with different diseases, or comparison between children with chronic disease and a healthy population [25] . In the current study, it allowed us to compare our population of children with CKD to a previously reported control population. However, it is acknowledged that the PedsQL TM has not been validated specifically in children with chronic renal disease. Nonetheless, it has been validated in children with many different chronic illnesses including cancer, asthma and diabetes mellitus [11] [12] [13] . The scores of our chronic patients were similar to these other chronic illness scores, which ranged from 71.2 to 85.9, 71.8 to 77.4, 76.8 to 85.6 and 68.5 to 77.6 for the physical, emotional, social and school scores, respectively. The previously noted exception of the emotional subscore for our dialysis patients was similar to the scores observed in healthy controls of Varni et al. [14] . This suggests the PedsQL TM has generic validity in childhood chronic diseases, which we believe justifies its use with our patient population. In each of the above studies, the PedsQL TM validity was assessed using the same healthy control population [14] as was employed in the current study.
In summary HRQOL was rated lower by patients with CKD than healthy children. In addition, parents rated their child's quality of life lower than the patients themselves. Surprisingly, though not significantly different, we found transplant patients generally rated themselves worse than children with other renal failure treatments, while their caregivers rated them higher. This raises the concern that caregivers' perception of improved HRQOL following transplantation is not shared by their children. On the other hand, the higher scores reported by children on dialysis compared with their parents may be reassuring for caregivers, suggesting HRQOL in these children may be better than adults perceive. A larger sample size is required to confirm the somewhat surprising and provocative results reported in this study.
